Introduction {#sec1-1}
============

Obesity is one of the most common metabolic disorders characterized by the accumulation of fat tissue in the body.\[[@ref1]\] In Iran, according to the first national study, almost half of those 15- to 65-year-old are overweight or obese. Furthermore, the prevalence of overweight and abdominal obesity is higher in women compared with men.\[[@ref2]\] Although obesity is one of the most important public health challenges, it is one of the preventable causes of death around the world.\[[@ref3]\]

The presence of obesity and overweight is associated with significant risk of many diseases including diabetes mellitus, hypertension, hyperlipidemia, and cardiovascular disorders.\[[@ref4]\] Furthermore, it has been shown that overall mortality parallels increased adiposity.\[[@ref5][@ref6]\]

Strategies for weight loss usually include a combination of lifestyle changes (e.g., limiting caloric intake, increasing physical activity, and behavioral modification) and pharmacotherapy as well as bariatric surgery for severe or resistant cases.\[[@ref3]\] Most of drugs used for treatment of obesity (e.g., lorcaserin, phentermine, phendimetrazine, and diethylpropion) are not available in Iran. Furthermore, they have the potential for abuse, have been approved only for short-term use (less than 12 weeks),\[[@ref3]\] and have serious side effects and special cautions and contraindications for use.\[[@ref3][@ref7][@ref8][@ref9]\]

Nowadays, herbal medicine is in widespread use because of the belief that it is safe. Many studies have shown the significant effects of various plants or herbal products in decreasing body weight and body mass index (BMI).\[[@ref10]\]

*Tamarindus indica* L. (*T. indica*; tamarind) is a tropical tree grown in Southeast Asia with the leaves, flowers, fruits, and seeds being used for making salads, stews, soups and curries in several countries. The leaves and fruit pulp exhibit anti-oxidant activity and blood glucose-reducing properties.\[[@ref11]\]

Two animal studies have shown the anti-obesity and anti-hyperlipidemic effects of tamarind fruit.\[[@ref12][@ref13]\] However, in the only human study about this effect found in our search, using 15 mg/kg of dried pulp of *T. indica* fruits had no significant effect on body weight and systolic blood pressure, while it significantly decreased total cholesterol and LDL-cholesterol levels as well as diastolic blood pressure.\[[@ref14]\] However, the main aim of this study was evaluation of lipid-lowering effects of the plant and the study population was not obese patients. Therefore, the present study aimed to evaluate the weight-reducing effects of *T. indica* L. fruit as the primary outcome as well as its blood pressure- and lipid-lowering effects as secondary outcomes in a clinical trial.

Methods {#sec1-2}
=======

Plant material and standardization {#sec2-1}
----------------------------------

Tamarind fruits were purchased from the market and confirmed by department of pharmacognosy in faculty of Pharmacy, Isfahan University of Medical Sciences. Standardization was performed by determining the polyphenolic compounds content of pulps using Folin-Ciocalteu method.\[[@ref15]\] For this, 100 g of fruit pulps was dried in the shade and powdered by electric grinder (Moulinex, France). Then 65 g of obtained powder was extracted with 260 ml of 70% ethanol (Estalk, Iran) by maceration for three times and, after passing through the filter paper, concentrated under vacuum using rotary evaporator (Heidolph, Germany). Finally, the obtained concentrate was freeze-dried using freeze dryer (Christ, Germany). After creating the calibration curve with plot of absorbance (765 nm) versus gallic acid concentration (R^2^ = 0.992) using Folin-Ciocalteu method, the polyphenolic content of the obtained dry powder was determined by measuring the absorbance (Spectrophotometer, Perkin-Elmer, USA) using the following equation:\[[@ref15][@ref16]\]

C = C~1~ × V/m

where C is the content of total phenolic compounds in mg/g, C~1~ is the concentration of gallic acid obtained from the calibration curve in mg/ml, V is the volume of the extract in ml, and m is the weight of the extract in g.

Study type and patient selection {#sec2-2}
--------------------------------

This was a randomized controlled clinical trial conducted in Isfahan Cardiovascular Research Center affiliated to Isfahan University of Medical Sciences from December 2015 to June 2016. The study was registered in Iranian Registry of Clinical Trials (IRCT) with the registration code of IRCT201608259662N11. The sample size was calculated by the following equation:

n = 2SD^2^ (Z~α/2~ + Z~β~)/d^2^

where SD is standard deviation of the main variable in the study (body weight), Z~α/2~ is 1.96 at type 1 error of 5%, Z~β~ is 0.84 at type 2 error of 20%, and d is effect size (the difference between mean values from the previous studies). Using the results of a previous study, SD and d were determined to be 2.4 and 2, respectively.\[[@ref17]\] Therefore, sample size of 22 was calculated for each study group.

Patients were selected from those referring to obesity clinic of Cardiovascular Research Center. The inclusion criteria were: (1) Age \>18 years; (2) being either overweight or mildly to moderately obese based on BMI (25 to 39.9 kg/m^2^). (3) Non-smoker; (4) not using alcohol and/or other substances of abuse; (5) Not having type 1 diabetes mellitus, cardiovascular disease (heart failure, angina pectoris, arrhythmias, and history of myocardial infarction), liver impairment (ALT or AST serum levels more than three times the upper limit of normal) or renal impairment (serum creatinine more than 1.2 mg/dl); (5) not taking any drug or supplement affecting body weight including sulfonylureas, antipsychotics, antidepressants, sodium valproate, orlistat, phentermine, topiramate, and metformin) within the last 2 months; (6) not using drugs or supplements affecting serum lipid profile including statins, fibrates, estrogens, progestins, β-blockers, α~1~-blockers (e.g., prazosin), glucocorticoids, isotretinoin, cyclosporine, tacrolimus, sirolimus, thiazide and loop diuretics, and fish oil (omega-3 fatty acids) within the last 2 months; (7) not having severe hypertension (systolic blood pressure \>180 mm Hg or diastolic blood pressure \>100 mm Hg); (8) No change in the dose of antihypertensive drug (if used) within the last month; (9) being non-pregnant and non-lactating (women).

Irregular use of tamarind pulp, incompliance for instructed diet and physical activity, and allergic reaction to the pulp were considered as the exclusion criteria.

Study design and interventions {#sec2-3}
------------------------------

Informed consent was obtained from all participants and the study protocol was approved by the ethical committee of Isfahan University of Medical Sciences. Patients who met the inclusion criteria were randomly and equally assigned to tamarind and control groups. Randomization was done by sequential simple random assignment using a pre-designed table that determined group assignment based on the order of patients\' enrollment. Before intervention, demographic features (age and sex), body weight, height, body mass index (BMI), waist circumference (measured midway between the lowest ribs and the iliac crest), systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded for each patient. Also, by obtaining 5 mL of blood sample and its centrifugation for 5 minutes (2000 rpm; Kubota, Japan), fasting serum levels of glucose (fasting plasma glucose, FPG), total cholesterol, triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) were measured for all patients using ELISA kits (Pars Azmoon, Iran). Both groups were instructed to use proper diet (including reduction of daily consumption of fat and cholesterol; not using high-fat dairy products, red meat, and sweet products (e.g., pastries and cookies); and increasing intake of fruits and vegetables) and maintaining physical activity (walking briskly at least 30 minutes a day for at least 5 days a week) for 6 weeks. Furthermore, the participants of tamarind group were instructed to consume 10 grams of tamarind fruit pulp (already prepared in 10-g packs) twice daily with meals for the same period. The patients\' compliance for diet, physical activity, and tamarind consumption was monitored regularly by telephone contact as well as counting their tamarind packs (for tamarind group) at the end of use. The obtained data were included in statistical analysis if the patient used more than 80% of his/her packs. At the end of intervention, all variables were measured again and compared between the groups.

Statistical analysis {#sec2-4}
--------------------

Normal distribution of obtained data was assessed by Kolmogorov-Smirnov test. Chi-square test was done to compare gender distribution between the groups. Paired-Samples *t*-test was used for comparison of baseline and final values within each group. Analysis of covariance (ANCOVA) was used for comparing values between tamarind and control groups with statistical control of baseline values. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

Standardization of plant material {#sec2-5}
---------------------------------

The total phenolic content of the fruit pulp was found to be 45.7 mg/g of dry extract.

Clinical study {#sec2-6}
--------------

Over the study period, of 55 patients who met the inclusion criteria, 44 patients were willing to participate. They were randomly and equally divided into two groups with two patients from each group being excluded due to no tendency for continuation of the study. Therefore, 20 patients in each group completed the study \[[Figure 1](#F1){ref-type="fig"}\] with 60% (*n* = 12) and 50% (*n* = 10) of patients being male in tamarind and control groups, respectively. The mean (±SD) age of patients in tamarind and control groups was 34.65 (±12.8) and 30.50 (±8.6), respectively (*P* = 0.238).

![Flowchart of Patients allocation and participation in the study](IJPVM-11-24-g001){#F1}

[Table 1](#T1){ref-type="table"} shows the effects of interventions on evaluated parameters in each group. As shown, tamarind significantly reduced BMI, WC, LDL-C, SBP, and DBP compared to baseline. However, none of these effects was statistically significant compared to control group.

###### 

The effects of interventions on evaluated parameters after 6 weeks in each group. The values are presented as mean (SD)

  Parameter (Unit)            Tamarind (*n*=20)   Control (*n*=20)   *P*^Ϩ^
  --------------------------- ------------------- ------------------ --------
  BMI (kg/m^2^)                                                      
   Baseline                   29.54 (3.16)        29.76 (3.52)       0.923
   End                        28.91 (3.43)        29.09 (3.53)       
   Change                     -2.24 (1.61)        -2.29 (1.27)       
   *P*\*                      \<0.001             \<0.001            
  WC (cm)                                                            
   Baseline                   100.80 (10.27)      96.65 (10.35)      0.224
   End                        98.00 (10.18)       94.60 (10.44)      
   Change                     -2.79 (1.62)        -2.13 (1.74)       
   *P*                        \<0.001             \<0.001            
  Total cholesterol (mg/dL)                                          
   Baseline                   173.10 (39.00)      165.65 (32.99)     
   End                        168.30 (38.68)      155.80 (32.86)     0.568
   Change                     -1.13 (19.54)       -4.70 (9.67)       
   *P*                        0.516               0.125              
  LDL-C (mg/dL)                                                      
   Baseline                   108.05 (30.47)      104.40 (25.72)     0.348
   End                        101.75 (30.93)      100.55 (23.60)     
   Change                     -6.03 (10.81)       -3.06 (8.87)       
   *P*                        0.019               0.115              
  TG (mg/dL)                                                         
   Baseline                   100.90 (50.77)      107.95 (35.73)     0.198
   End                        107.80 (51.93)      102.30 (34.08)     
   Change                     15.65 (57.19)       -2.10 (20.03)      
   *P*                        0.372               0.430              
  HDL-C (mg/dL)                                                      
   Baseline                   48.90 (11.09)       42.75 (7.90)       0.369
   End                        49.30 (9.47)        42.00 (6.90)       
   Change                     2.16 (10.74)        -0.96 (10.96)      
   *P*                        0.748               0.427              
  FPG (mg/dL)                                                        
   Baseline                   92.85 (10.53)       87.40 (7.51)       0.935
   End                        94.40 (10.81)       88.80 (8.18)       
   Change                     1.94 (8.00)         1.75 (6.45)        
   *P*                        0.340               0.277              
  SBP (mm Hg)                                                        
   Baseline                   113.25 (13.40)      107.50 (8.66)      0.672
   End                        107.50 (11.64)      103.25 (9.36)      
   Change                     -4.74 (6.88)        -3.86 (6.05)       
   *P*                        0.004               0.070              
  DBP (mm Hg)                                                        
   Baseline                   89.50 (12.76)       85.75 (10.67)      0.436
   End                        86.00 (11.19)       84.00 (9.95)       
   Change                     -3.56 (6.81)        -1.48 (9.60)       
  *P*                         0.023               0.340              

BMI, body mass index; WC, waist circumference; LDL, low-density lipoprotein; TG, triglycerides; HDL, high-density lipoprotein; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure. \*Paired-Samples *t*-test (within-group comparison); ^Ϩ^ANCOVA test (between-group comparison)

No adverse effect was reported from patients of tamarind group during the study.

Discussion {#sec1-4}
==========

In the present study, tamarind fruit pulp did not show significant weight loss effect. At the best of our knowledge, this is the first clinical study of *T. indica* on overweight and obese patients. Based on our results, although tamarind significantly reduced BMI and WC compared to baseline values, these effects were not significant compared to control group. Similarly, in the only human study about this effect, dried pulp of *T. indica*, at a dose of 15 mg/kg body weight, had no significant effect on body weight.\[[@ref14]\] However, considering substantial reducing effect on BMI compared to baseline in our work, it would be possible that use of higher doses with longer duration has significant weight loss effect. In contrast to these two human studies, the animal study of Azman *et al*. with duration of 10 weeks showed significant anti-obesity effect of tamarind aqueous extract in a dose-dependent manner as shown by a substantial reduction in adipose tissue weight.\[[@ref12]\] Reduction of fatty acid synthase (FAS) activity, induced by tamarind flavonoids including quercetin and avicularin, was suggested as a possible mechanism of this effect.\[[@ref12]\] In addition, another animal study showed weight-reducing effect of the ethanolic extract of *T. indica* fruit pulp in obese rats.\[[@ref13]\] Variations in study cases (human vs. animal), the type of plant material (raw fruit pulp vs. fruit extract), and durations of interventions could be responsible for these different results.

In our study, tamarind did not exert significant lipid-lowering and hypoglycemic effects. Conversely, in an animal model study performed for 10 weeks, the crude extract of *T. indica* fruit decreased the serum levels of total cholesterol (50%), non-HDL cholesterol (73%) and TG (60%), and increased serum HDL cholesterol level.\[[@ref18]\] These effects were attributed to epicatechin content of tamarind.\[[@ref17][@ref19]\] Also, the two above-mentioned animal studies confirmed similar hypolipidemic effects of tamarind in addition to its weight loss activity.\[[@ref12][@ref13]\] Therefore, it seems that use of higher doses or fruit extract for longer durations could have positive effects on serum lipid profile.

Despite no significant effect of tamarind fruit on FPG in our research, an animal study showed dose-dependent hypoglycemic effect of tamarind seed extract in streptozotocin-induced diabetic rats compared to control diabetics.\[[@ref20]\] However, no significant changes in blood glucose levels were observed in normal rats. This is consistent to our result, since our patients were not diabetic. As the mechanism of hypoglycemic effect was restoring pancreatic beta cells and repairing streptozotocin-induced damages and subsequent increase of serum insulin,\[[@ref20]\] it seems that tamarind has potential therapeutic effects in type 1 diabetes mellitus. However, extra-pancreatic effects including insulin sensitization in target organs and inhibition of insulinase activity in both liver and kidney have also been suggested.\[[@ref21]\]

The main limitations of the present study were short duration of intervention, not using the extract of the pulps, no control of calorie use by patients, and absence of placebo.

Conclusions {#sec1-5}
===========

Consumption of tamarind fruit pulp with daily dose of 20 g has no significant effects on body weight, waist circumference, serum lipid profile, blood glucose, and blood pressure. More studies with higher doses and longer durations are required to evaluate these effects.
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